Carbamazepine enhances the activity of glutamate transporter type 3 via phosphatidylinositol 3-kinase.
Glutamate transporters (also called excitatory amino acid transporters, EAAT) participate in maintaining extracellular homeostasis of glutamate, a major excitatory neurotransmitter, and regulating glutamate neurotransmission. EAAT3, the major neuronal EAAT, may also regulate gamma-aminobutyric acid-mediated inhibitory neurotransmission. Dysfunction of EAAT3 has been shown to induce seizure in rats. We hypothesize that carbamazepine, a commonly used antiepileptic agent, enhances EAAT3 activity. We tested this hypothesis using oocytes artificially expressing EAAT3 and C6 rat glioma cells expressing endogenous EAAT3. In oocytes, carbamazepine dose-dependently enhanced EAAT3 activity. The EC50 of this carbamazepine effect was 12.2muM. The concentrations of carbamazepine to significantly enhance EAAT3 activity were within the therapeutic serum levels (17-51muM) of carbamazepine for the antiepileptic effect. Carbamazepine decreased the Km but did not change the maximal response of EAAT3 to glutamate. Carbamazepine-increased EAAT3 activity was inhibited by wortmannin or LY-294002, phosphatidylinositol 3-kinase (PI3K) inhibitors, but was not affected by staurosporine, chelerythrine or calphostin C, protein kinase C inhibitors. In C6 cells, carbamazepine also enhanced the endogenous EAAT3 activity. However, carbamazepine did not affect the activity of EAAT4 expressed in Cos7 cells. These results suggest that carbamazepine at clinically relevant concentrations specifically enhances the affinity of EAAT3 for glutamate to increase EAAT3 activity via a PI3K-dependent pathway. EAAT3 may be a therapeutic target for carbamazepine in the central nervous system.